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JIUMMARY

On Decamber 9, 1987, the Nationd Inditute for Oooupetiond Sefety and Hedth (NIOSH) recaved areguest for a
Hedlth Hazard Evdugtion from theadminidrator of the Leser Indlitute et the University of Uteh Hedlth Saences
Center in At Leke City, Uteh. Theadminidrator requested thet NIOSH evd uate the Soke produced during laser

aurgcd proosduresfor patentidly hezardous compounds

Dueto theeqpaimeantd ndured thisevdugion it wasnesessary for the NIOSH invedigatarsto deteminethe
gudicality of conventiord indLgnd hygenetedniques On Faruary 9 and March 10, 1988, prdiminaty
mesarematswae pafomed a alocd medicd leser fadlity thet aided theinvestigetarsin gaining expaienceandin
devdoping afind sangling pratood for uea themedicd oanter. These prdiminary messLremanisaredsoindudad
aspat of thisreport.

Environmentd sampling was conducted at themedicdl center on Al 11-16, 1988 to eva uete oooupetiondl

expodureto hydrocarbons polynudear aroméatic compounds (PNAS), fomedehyde, cyanide, and arbome
muagas A hedth complaint quesiomaireweas adminidered to medicd persome.

Realtsadf theemronmenta sarding documented detediablelevdsof ehend, isopropend, anttraoang,
famddehyde, cyanide and arbame mutagenic ubgtances

Ethend andisopropend were detetted & concantrations of 4.7 parts par million (ppm) and 05-164 ppm,
repedtivdy. Bathwerebdow the OSHA and ACGIH evdudion aitaria

Detettadelevdsaf antiyaoane aPNA compound, werepresat intrace quantities

Daedddequanttiesof fomd dehyde (traceto 044 pom) werefound indl but onedf thesamdes Two
dhattam samplesmessured peek concarntrations (021 ppm and 044 ppm) of fome dehyde auffident to cause
intationin omesagtiveindvidlels

Cyanidewasodeted inthree of thedeven areaand bresthing zonesamplestaken. All levdswearebdow the
evduetion aitaria. Draege tubesreveded the presance of hydrogen cyanide at theleser imedidion steat a
conoatraion of 100 ppm.

Svat edradsof arbome patidesgenarated during leser proosdureswearefound to be mutagenic (Amested).

Whether exposLre of gparating room parsonnd to SUbdancesthet aremuiagenic to bedieriaposes any genataxic
hezardisnat knoan

Theresitsof thisevduaionindcatetheimpartance of usng amokeevaouatarsssaconrd messure Thardare, s
pat of thisevauetion NIOSH invedigatarsundartook alimited duidy of snokeevaougtorsand puldished thefindings
 Inapaa-evienvadjound 1] B B

Bassd onthe detadatained duning thisinvesigation it wes deteamined thet exposure to the condituents of thesmoke
generated during laser surgary presenisapatentid heslth hezard, Rew*rma*dgﬁcrsareprwidaj inSion VIl
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adz1
Based on the data obtained during this investigation it was determined that exposure to the constituents of the smoke
generated during laser surgery presents a potential health hazard. Recommendations are provided in Section VIII
which will aid in reducing exposures primarily through the use of smoke evacuators.

http://www.cdc.gov/niosh/hhe

INTRODUCTION

On Deoamber 9, 1988, NIOSH recdved arequest for ahedth hezard evdugtion from the University of Uteh
Hedth Saenoes Canter, St Lake City, Utah. Thereguest concamed exposureto smoke generated by medicd
lesersduring lesr surgary and anime ressarch procedures: NIOSH investigetors condudied evironmenta aurvey's
a the Hedth Saenoes Canter during April 11-15, 1988,

BACKGROUND

Thewod LASER isanaxonymfor Ligt Amlification by Simulatied Emissonof Redigion. Lasasganadea
vay intensebeam of photonsat onewavdength. Sncethegoreed of alesar beemisnat large, thisproperty mekes
thelesr auniquesurgicd devicefor many godicaions Inadditionto baing vary predseand essy touss, itdo

a"notoud" thergpy whereleiing and edamaiaeminimdl. Thefird laser washuiltin 1960 and snce
thet imethefidd hesgroan rapidy. Todsy themgior lesarsused inthemedicd and urgicd fiddsarethe
Neodymium-Y tirium, Aluminum Game (NatY AG), Cartoon Diaxide (CO,), and Argon.

Whenlasar enargy isabsorbed by humen tissieargaid vaparization of odlular weter can ooour thet mey cause
dsupiondf thecdl. Whenlasasareusad & highintenstiesontisses aplumed smokeisproduoced consding of
vagporized metarid, deam, and particulae méatter. Heelth carewarkershave expressad conoem about the neture
and compodtionof theamoke: Whilethe lasar-producsd smoke can be sudioned away from theimadiated areaby
afiltered vaouum sysam, many hedlth carefadliiesdo nat usesuch asydem because of aod, naisg, andlor laok of
anaees

METHODSAND MATERIALS

Environmentd messramantspafomed a themedicd oanter fadlity during surgicdl proosdureson humersweare
mededthe inthelasar surgica gparating roomsar inthelasar dinic, dgpanding onthenatre of thegpearation.
Envirormentd messramantsweredso aatained during iredition of micetumaorsat theaninnd laser lboratory and
theexpaimentd lasx labordary.

Thetarget mateid used for the prdiminary evauations (February 9 and March 10, 1988) wies processad medt
(park). Humen and mousetisslewesthetarget metaid for themedicd oanter evdugions: Thepork wasusad to
test the sampling and andlytical methodsintended for usea themedicd oanter during laser surgary onhumens

In preparation far the NIOSH evauation, themedical canter hed stheduied severd different lesar oparations
Unfortunetdy, some gparationswre canodlled for mediicd reesons: Asareduit, adsdsonwasmedeto pafom
laser smoke evduations usng ressarch animelsavalablefrom angaing sudiesbaing condudted e the medicdl
canter. Thedeadonto useanimaswas besed in part upon the nead to assess patantid exposreto tednidansand
sjgmﬁgj\/vaﬁrngm&ea'inm A tatd of 16 dfferat les evantsinvaving seven petientsand nineanimesweae
evi |

Hevenwokesweaeinavieved usng aquesionareto deaminethetypeand extat of hedth complaints
expaianced by themedicd pasond.

In condudting thisevaugtion, the NIOSH invedigetorswere parmitted to enter the surgical roomsand adllect ceta
duingthecouredf theaurgicd evat (Whenthelase wesadivated). All parsonnd invalved with thesegparations
wererenuired toweer oparating room dathing, induding mesks heed covers laser goggles hoecovas ad
augcd goves All equipment brought into the gperating roomwes desned according to themediicd carter
ingrudions Induetrid hygiene sampling eouipment wes posiioned asdoseaspossbleto theadive surgicd ste
(hend hddinthe employessbresthing zone) without intefeing with themediica procedure: All oparatingroom
pasonnd wereinformed of our presance befare the gperation begen

Thesamebesic ddacdleding fomat wesusadintheanind laser leboretaies Duetothesdl number of
parsond intheselaboratariesit wes possbleto postion themessramant equipmant dose tothesurgicd ste All of
theanmdsused warefarde AJCR inored dlino mice (20 grams) which hed neurddlagtomes

Thefdlowing typesdf equipmat wareused to adlledt theenvironmentd ssmdlesfar theevdugtion:



Fouie Trandom Infrared Soedrosoopy (FTIR) - Quditaive Oroanic Andlyss

Areasampesfar argenic compoundsweare adlledted by draning ar through aZefluor filter & aflowratedof 1.0
litersper minute (o) using calibrate, bettery-operated sampling pumps

For adlyss the Zdfluor filterswereremoved from their cassattesand placed in 20 milliliter () santillaion vids
and desorbed with gppraximetdy 2 ml of 1,1, 2-richloratrifluoroethene (Freon-113). Andiquat of this
olutionwas plaoad on apotassum bromide (K Br) window and dlowed toevgparde A sngebeam
Josdrum of the sample-contaning window wastekenwith aNicdet 60SX (FTIR) usngacombinedindum
adinimidemaaury cadmium telluride detedior & 05 ot goedird resolution and retioed to abeckground
snglebeam goectrum of thewindow, teken before dgpasiion of thesample

Quditaive Aldehyde Soemn

Samplesfar arbomeddeydeswere adlected by draning ar through ORBO-23 tubesa aflomraeof 1.0
1pm. Sarpeswearedesorbed with 1 ml of tduenein an uitrasonic beth for 80 minutes: Aliquatsof the
sampleextradswarethen sreaned by gesdrameiogrgphy (GC) with aflameionization detectar (HD) using
both a30-meter DB-WAX (for farmel dehyde and aoatd dehyde) odumn and a30-meter DB-1 GC (other
ddehydes acdumn. Thismethod hesalimit of detedtion (LOD) of 05 ugy'sampleand alimiit of quertitetion
(LOQ) o L5uysarpe

Fomdodhyde

Thear sarpesfor famedenydewere adlledted by draning ar through agless midogt impinger containing 20
ml of a1% sodum bigufitesdluiion & aflowrate of 05 1pm using cdiborated, bettery-oparated sampling
pumps Andysswasby vishleaosorption spedrophatometry according to NIOSH Method No 3500.
Thismethod hesalLOD of 02 ug/sampleand aLLOQ of 063 uy'sample

Hydrocarbons

Air samplesfor hydrocathonswere adlledted by drawing ar through aglasstube containing 150 milligrams
(mg) of adtiveted dheracd a aflowraedf 1.0 1pm (quditative ssmples) and 0.2 1pm (quentitative samples)
using cdlibrated, bettery-operated sampling pumps: Thequditaive samplesweare desorbed with 1.l of
caton dadfideand andyzed by GC/HD. Thequentitative sampleswereconoanirated and andlyzed by GC
usng amessgpadromae (MS) for mgor compound identification.

Hydragen Cyanide

Draga™ coaimetric detector tubes (1-groketest for range of messurement of 10-150 partsper million
(ipom)) were plaoad in thelaser smoke to document the presence of hydrogen cyanide

Cyanides
Air samples (areaand bregthing zone) for cyanideswere adlleted viaNIOSH Method 7004. Air was

drann through amixed cdluloseedter filter fdlowed by aglassmidget bubder, containing 15mi of 01N

potassum hydraxide, & aflowratedf 05 lpm using cdlibrated, bettery-oparated sampling pumps: The
sampleswereardyzad for cyanide by vishle absorption gpedrosoopy. Theardyticd LOD for thismethod

was0.1 ug per sample
PNAs

Rasord (breathing zone) and areadr ssmplesweare adllected using asanpling train congiding of aZefluor
2-miaonfilter (MembranaCo.) and acdluloseadtate O+ing in acassdte, fdloved by a7-mmoutsde
damde gasstube containing two sdions of preweshed XAD-2 resin (100mg/50mg) comedted toa

bettery-oparated sapling pump cdilrated a aflowrate of 20 1pm.

Thefilter and tube ssmpleswareardyzad for INAsfdlowing NIOSH Method 5606 uilizing high

pafamanceliqud dyomaoggoy add GCMS Sandardswere prepared by aiking diquatsof agtock
sdution contaning 14 ANAs onto thefiltersand tubes and desoring them inthe samemanne asthefidd




smpes Reationtimesad theandytesin the dandardsweare compered to therdention imesinthesanple
drometogansfor adyteidanification. Ardlytesweareidentfied by retentiontimesonly and GG/MSwes
necessay to confirmthar identity. Thedanderd andlytesand ther assodated andyticd LODsareliged

bdow:

Ardyte LOD (nenograrsgsamgle)
Acengphthene 100
Anttyecane 30
Baz(@athraoae 30

apyrene 30
Bewo(byfluoranthene 30
Bezo@pyrene 50
BewoKfluoranthene 30
Benzo(ghj)paylene %80
Dibez(gh)anttracene 50

30
Indeno(1,2,3-cd)pyrene 100

100
Prae 0

H. AirbomeMusas

Airbome patideswere collected on gassfiber filtars (type A/E, 4 damete) with Hi-Vd pumps(Genad
Med Warks) a flow ratesbetwean 185 and 22 aubic fegt par minute (dfm), and on charood filter caniders
tekenframingdetheamokeevaoutionunits Airbame particllates on the glassfiber filtersweare extracted
with 150 ml of methylenedilarideand thenwith 150 ml of ecstoneand methend. Crarocd filter caniders
fromtheamoke evaouetorswereextracted with the same solvart, but because of thar Sz alarger vaumeof
Slvet (2000ml) waesusad. Each extract wesfiltered and conoatrated to afind vdumedf 03 ml or 05 mi

indmethyisuifaddedeoendng onthedarsity of theend procids

Air ssmplesinthesurgica gperating roomweretsken gopraximetdy 2 ft. ebovetheoparaiveste A gass
fiber filter wes dso placed in front of thecherood filtration canitarsingdethe smokeevaougion unit utilized in
theoparaing roomand inthelasar outpetient dinic. Contrd samplersweareplaoed 1/2 ft. abovethefloorinthe
hell utsdethegperating room.

Intheanimd lager leboratary, ar ssmplesweare adllected 2in. bovetheiradiation Ste (micetumo—s) during al

expaimats Aiomesarpesweretsken 11t infront of theirrediation Ste (micetumarg) intheexpaimentd
leser leboratary. Thedfferancein sampling dganceswas dueto the aocessihlity requiremantsimposed onthe
samplelocaionintheexpaimeantd leser [abaratary. Theoontrd sampler wasplaoad 1/2 ft. abovethefloor in

thehdl outsidebath leboratories

Charodd filter canigarsweretsken diredtly from the smoke evacuatarsto betested for arbome mutapans
Theoontrd darad filter caniger wasrun d thesametimeinadesnroom. Theingtuassay wes
paformed in bath the gperating room and thelager leboratary. Bath expaimentswearenunwith their
respectivecortrals

Themutagenaty of exdradsfrom thefiltasand canigasweaesuded inteder rans TAB and TA100 of
Snordlatyphimuiumwith the Sdmondlaimiarosome miao-suspenson mutsganiaty e[ Inthistest
gygam, aninaressed number of bedtarid odlls (gppraximete 10°) wiestrested with extradtsin asmall amount
of tresmant mixture (009 ml). Theassay wasconducted with or without 0 invitro meabdlic adtivation.
After 0 minutesof incuoetion a 37 degress Cantigradewith sheking, the trestiment was further processad
wsngthe Amesplaeincorparaion tet[3] Theadonies reuting from hididine dependenceto hididine
indegpendence by reverse mutations were soored dter 2 daysincubation & 37 degress Cantigrade: Inthein
Stumutageniaty assay, teter odlls(TABW) wereexposad diredly to airbome pattidesin thetrgoping media
duingar sampling. Mutation frequenaeswere deermined from trested and contrdl odliséfter 2,4, ad 6
hour exqpoaures[4]




EVALUATION CRITERIA

Asagudetotheevduetion of the hezards posed by workplace exposures NIOSH fidd &t enploy
evironmatd evduation aitaiafor asssssmat of anumber of demicd and physcd egats Theeaitaiaae
intended to suggest levdsaf exposLreto which mogt workersmay beexposed up to 10 hoursper day, 40 hours
par wesk, far awarking lifetime, without exparienaing adverehedth effedts Itis hovever, impartant to notethet
nat dl workerswill be pratected from edverse hedth efedtsif thar eqpoaresaremaintained bdow theelevds A
gl percantage mey expaienceadverse hedth dfedsbecause of individud susogatiballity, apreedding medical
condtion, andlor ahyparsansitivity (dlergy).

Inaddition, some hezardous SUbstances may adt in combainetion with ather workplace expoaures thegenard
environmat, o with medications ar pasond hehitsof theworker to produce hedlth efeds evenif the
oocupationd exposresarecontrdled a thelevd st by theevdugion aitaia. Also, somesudancesare
absorbed by direct contedt with the skin and mucous mambranes and thus, patentidly increesethe overdll
exoare legjly evdugion aiteiamey drangeove theyearsasnew infametion on thetoxic effedtsof anagart
becomeavalade

Thepimary sourcesdf evironmanid evdugtion aitaiafor threwarkplaceare: 1) NIOSH GritaiaDocumantsand
recommended expoaurelimits (RELS), 2) the Amaicen Confarenceof Govermantd Indudrid Hygienid's
(ACGIH) Threshdd Limit Vdue(TLV9), 3) the U.S Depatmant of Labar (OSHA) pamissbieexpoaurelimits
(PEL9), 4) gpplicale American Nationd Sancird Inditute (ANS) documents and 5) current govemmentd
research and attidesfound in pea-revieved pubdications: Often, the NIOSH and ANS recommeandationsand
ACGIH TLVsaelower then the coresponding OSHA dandards NIOSH, ANS, and ACGIH TLVsusly
arebesed onmorerecant informétion then arethe OSHA dandards Inevauating theexpoarelevdsand the
recommencetionsfar reduiding theselevdsfound inthisrepart, it should benoted thet induetry islegglly recpired to
mext thoselevdsgpedified by an OHA dandard.

A imewdghted average (TWA) exposurerdasto theavarage arbome conoantration of asubdanceduing a
nomd 8- to 10warkday. Some substanoes have recommended shart-term exposurellimits or aglling velues
whichareintendad to supplemant the TWA, wherethere are recognized taxic effedtsfrom high shart-tam
expoaures

A.  Fomdddyde

Fomddehydeand ather ddehydesmay berdessed fromavaidy of common maeidsinduding foem
pladtics cabonless copy peper, partide board, plywood and textilefaarics Symptomsof expoauretolow
conoatrations of formel dehydeindudeinitation of the eyes; thraet, and nose, heedeche, neuses, congestion,
adhmg and kinradhes Itisdifficult to asibe goadific hedth effedsto conoantrations of fameldehydeto
which peopleare exposad, because paodevay inthar suledivereponsssand complants Initative
s/mptomsmay ooour in peopleexposad to forme dehyde a concantrations aslow as 0.1 pom, but more
frecuently inexpoaresd L0 pomand grede. Sandtivedhildren, theddaty, thoseindividualswith preexigting
dlegesar rearaory disseses and parsonswho have become sangtized from prior exposuremey have
s/mptomsfrom expoaureto concentrations of formel dehyde betwean 0.06 and 0.10 ppm.
Fomeldehydeinduced aghmaand brondhid hypareedivity develgped pedficaly toformedenyde
exposLreaeuncommon/[5|

Fome dehyde vapor hes bean found to causeararefarm of nesd cancer in Hscher 344 rasexposedtoals
prm concentration for 6 hoursper day, 5 day's par wesk, for 24 months Whether theseresultscan be
extrapdated to humen expoareisthesuljet of consdaradle peculaion inthe saientific literature
Condusanscannat bedravnwith aUffident confidencefram puldished mortdity dudiesof ocooupetiondly
exposad adutsastowhether or nat forme dehydeisacaranogen. Sudiesdf longierm humen oooupetiord
expoareto fomadeyde havenat detedted aninoreesein nesd canoa. However, theanimd resuitshave
prompted NIOSH to recommend thet forme dehyde be hendled asapatentid oooupetiond caranogen and
thet workplaoe expoauresbe reduoad to thelowvest fessblelimit[6] OSHA hesrecantly reduced its PEL for
famddehydeto 1.0 pom|[7] Inaddition, al5-minuteshort tam expoaurelimit (STEL) wessdt & 2 ppm.
ACGIH hesgvenfamedenydean A2 desgrdtion, indicating thet ACGIH corsdarsfammddehydea
ugpatted humen caranogen. TheACGIH TLV far farmddehydeis 1 ppm asan 8-hour TWA and 2 pom
asalsminueSTEL [ Famddehydeiscurently liged inthe 198990 ACGIH "Natice Of Intended
Changes' & apraposad aalling TWA-A2 vdued 03 pom. I, dter two yearsno evidence comestolight
thet questionsthe gopropriateness of the proposad diange, the vdue will bereconsdered for edoptioninto the




TLV liging

TheAmaican Soady of Hegting, Refrigarating and Air-Conditioning Engnesrs(ASHRAE) hesdevdgpad a
rationdle, besad on parsond comfart, thet exposureto taxic subdiances, such asformedehyde, belimited to
110 o thegpplicebleindutrid sanderd. Thiswould Suggest thet expoaureto fommd dehydebelimited to 0.1
pom[9] Thisguiddinehesaso been adopted by NASA, and thefedard govemmeantsof Caneda, West
Gamany, and the United Kingdom[10] Anindoor arfmrddefyde(xmewalmd lessthen 006 ppm
(006 mgim?) isof limited or no conoam, acoording to the World Heelth Organization (WHO)[11]

Isopropend

Isopropyi doohd causes mild initation of theeyes nose, and throet. High vigpor concantraions may cause
dronsness dzziness and heedeche. Repested skin exposure may causedrying and aracking. NIOSH
recommendsan expoarelimit of 400 pom[12] TheOSHA PEL add ACGIH TLV aethesame[813

Ethend

Byl doohd isaninitent of theeyesand muoous membranes and causes oatrd nevoussysam
dgresson. EBthend isnat goprediadly initating to skin, evenwith repested or prdonged expoaure[14] The
OSHA PEL and ACGIH TLV ae 1000 ppm[813]

Cyanides

Symptomsdf intaxication from cyanidesindude weekiness heedeche, confuson and, oocasondlly, neusea
andvomiting. If lageamountsof cyanide are absorbed, theworkersmay adllgpseingantaneoudy, dftenwith
corvusons and mey diefrom matabadlic agphyxiaion. Effedsfrom expoauretolow lesdsof n%[a"l

prabebly nat incgpeaitating or sarious 15 NIOSH recommeandsan expoaurelimit of 5 mg/m[ 2
OSHA PEL is5mgfi? and the ACGIH TLV is 10 myfin?[8,13]

PNAs

PNAsarecondensad ring arometic hydracartons nommelly arising from the combustion of organic meter.
Armngtf&pdywdlc hydrocatonsareanumber of individudl PNAs (induding berzo@pyreng
anthreceng, and drysane) that aeknown mutagensand cardnogens[17] Bezo@pyreneand drysmeae
aurently theanly individuiel PNAswith evaugtion aiteia. The ACGIH consdarsbenzo@pyrene
dryseneasagetted humen cardnogans and recommeandsthat exposuresshould bekthoamnmm[S]
NIOSH recommendsthet drysane beregarded asan oocoupetiond caranogen[18] The OSHA PEL for

drysreis02 myin?[13]
AirbomeMuiegas

Muteganic bdances mey cale gardlic dtarationinthesomaticandlor gamacdlls Suchadllular dterations
ey resut in prameture aging, canoe indudiion, reprodudiivefalure, devdlopmentd defet, or genelic dissese
Airbome mutagens can be detected diredtly with theingtumutageniaity assay or indiredly with filter odlledtion
and Sbssouat mutaganiaty testing (.e, AmesSdmordlatest). A ssmpleisconddared mutegenicif the
numbe of revartantsinany of thefour concentrationstested (undiluted, 1to 2, 1to4, and 1to8) istwofdd or
greter then the contrd, and shows adose rdated response



VI.

RESULTS

Resutspresantad in thissadion and the attechad teblesare from bath the prdiminery and medical canter fadllity
messremats Daaindcating thegparating charaderidics of thelasars used for eech evironment messremat
aegvenintreTades

February 9, 1988 (Fird Rrdiminary Bvalugtion)

During bath prdiminery evaugtions, park dhopswere purchesad from agrocary soreand used ssthetarget
meteid totest thesampling and andlyticdl methodsto beused inthemedicd oanter evdlugtion

A

1

PNAs

Tadel presmistheresdtsof thear ssamplestekenfor PNAs Nonedf the 14 PNAswhichare
monitored inthe NIOSH danderd method wereddeted inany of thesamples

FTIR (Quelitetive Orgenic Arelyss)

Theresitsof the Zdluor filter ssmplestekenfor FTIR andyssarepresatedin Teblell. Thesearch
aead thegpedrd library indicated thet the compoundsfound on thefilterswererdated to fatty aod
esars besad on goedrd Imilaities

Hydrocabons

Tedlelll ligsthe hydrocaron vgparsthet wereidentified during iradiaion. Thear samplesindicate
thet traceamounts of aoetong, isoprapanal, cydohexane, talueng, and dkanesweare presant near the

gted irediaion (goproximady 15" fromtargg).
Quditative Aldehyde Soremn

TadelV preistheresitsof thesamplestekenfor thequditative ddehyde scanandyss Only
fameldehydewas detected in concantrationsranging from 04 to 08 pom.

March 10, 1983 (Ssoond Rrdiminary Evadugtion)

1

PNAs

TddeV presaistheresitsof thear samplestekenfar INAs Noredf the 14 PNAswhichae
monitored inthe NIOSH dandard method wereddleted inany of thesamples

Hydracarbons

Tade V! ligsthe hydrocarbon vaparsthat wereidantified during imediaion. Thear sardesindicate
thet treceamounts of ethend, isopropendl, cydahexane, tdueng MIBK,, slaxane, and dkaneswere
presant neex thestedf irediation (gopraximetdy 2' from targef).

Quelitative Aldehyde Soreen

Tade VIl presaisthereslitsof thesamplesteken for thequeitativeddenyde scanandyss Only
forme dehydewas detected and & concantrationsfrom 0.2to 05 ppm.

Hydrogen Cyanide Soreen
Realitsof the Drager* tube sreaning samplesfor hydrogen cyanidearepresanted in Teble VL.

Appraximatdy 100 ppm of hydrogen cyanidewas detedted & the steof produdion. Thisreuitis10
timeshigher trentheACGIH TLV.




C.  Apil 11-14, 1988 (Medicd Canter and Animdl Evaugtions)

1

Fomdodhyde

Thear sampling reautsfor fomdddydearepresated in TablesIX - XI. Formelddhydeweas
odected indl the samplestakeninthe oparating room, lasar dinic, and leser labaratary (TeblesIX ad
X) rangng from traceamountsto 044 ppm, TWA over thepariod ssmpled. Howeve, it hould be
noted thet somedf the sampleswereteken during vary hort proosolures lading only afew minutes
Convating theemesarematsto 8-hour TWA vaueswould resuit in much lower concentraions
For example, the sample containing 0.44 ppmwould be convarted to 0.003 ppm asan 8hour TWA.
Nonedf theshort teem samples exceeded the OSHA or ACGIH 2 pom STEL. It was obosarved thet
mod of theoparating room parsonnd wereinvalved inmorethen onelesr Surgary proosoure cly.
Suchinoessein eqpoauretimewould resLitinahigher 8hour TWA.

Hydrocarbons

TadeXI| presristhereatsof thear sampestaken far hydrocabons Onedf the oparating room
samplescontained ethend a aconoaniration of 4.7 pom, well bdow theevdugtion aitaia(OSHA and
ACGIH) of 1000 ppm.

Twodf thethreedr samples contained isoprapend inconoantrationsranging fram 05to 164 pom,
aganwdl bdow theevdugtion aitaiadf 400 pom. Thedoohdsthet were detedted may nat heve
been aregted by thelaser interadion with tissie, but rather may be uiguitous (deening solutions) tothe
hedth caeaviromat. Traceamounisof G-C,, diphetic hydrocathonswerefoud intwo of the
threesamples These hydrocarbonswould nat be expected to cause naticesble dfedtsin modt people
a thelevdsdaeted

Cyanides
Samples(areaand bresthing zone) for cyanideswearetakeninthe operating room, lesar dinic, and leser

laboratory (Tebles Xl and XII1). All samples (range: nonedetected to 1.53 mg/n) werebdow the
evdugionaitaia

PNAs

Thereadtsdf thear samplestaken for PNAsare presated in Tables XIV-XVI. Traceamountsof
anthraceneweare detiected inthree (lasar dinic and laser labaraary) of thedghtean samplestaken.
Nonedf theather thirteen PNAswhich aremonitored in the NIOSH gandard method were detected

inany of thesamples
AirbomeMutagas

Theresitsin Tade X VI show thet inthemedicd canter gparating rooms muiagenic substanosswere
Oetected anly inthe adtivated dheraod cartridgeslocated inthe sokeevaougtion units: Themutaganic
responssswerefound in both TA98 (detedts frameshift mutapens) and TA100 (deteds primery
besepar sUbditution mutapans), indicating thet the mutgenic agants might induce bath framedhift and
besepair abdituion mutations: However, theindudion of bese-pair sUbstitution mutation nesdsto be
further confirmed. Samdlesof the gparatingroomar did nat how any mutaganic dtivity. It could be
conduded, therefarg, thet Smoke evaoution units are cgpetle of ramoving arbome mutagans
oganaaed duing leser surgaieswhen propaty podtionad intems of nozzeangeand ddancefromthe
iradaad ste Inthelasar dincwhere paientiswearedn treded, extractsdf arbome partides (colleted
onfilters) and adivated charood cartridges from the smoke evaougtion unitsweremutaganicin TASS
and TA100, rexpectivey. It gopearstiat frameshift mutagenswere assoaaed with partideswhich
weareadledad onthefiltarsand thet bese pair substitution mutagens pessed thefiltersand were cdlleted
by thecharood trgps. Aganit can be.conduded thet Smoke evaougtor unitsare cgpetledf cgptning
arbomemutagens (ather particllate or gessous phese).

TabeXVIII sonsthemuiageniaty detacdledted from using differart typesdf lasarsonanimes

Airborepatidescdleded inthelaser animd leboratary utilizng CO, and YAG lasaswere
muaganc. Inthreexpaimantd fixed beam las [abaratary, mutaganiaty wesfound intheextradtsof



arbome patidesgenaraed fromfixed beem UV 266 and Eium lesarsinddat onmiceskin. Inbath
Cases mutganiaty wesfound in TAS8with meabdlic adivation. Theresutsdeatly indicatethet
arbame patidesproduced from thoseleser gperations using animelscontained indired-ading
frameshift mutagans: Smokeevaoudion sysaswaenat usadinthesedudies

No mutaganic adtivity wes detedied with theingtududies (Table X1X) thet wareconduded inthe
gparatingroomdf themedicd canter. Thisabsavation could bettributed to the effediveness of the
gnokeevaouation devicesandar alow samping vdumeduing thein stusamaing

D. Quediodre
A ooy o thequedionaireussdinthisevdugionisownin Appadx |. Sdededresitsfromthe
quedionarearedhoanin Tade X X. Itisgoparat thet omewarkerspaform multipleleser prooaoures
Honeve, theaveragelength of time per wesk for lesar snoke expoareissrdler becausetheadtLd lesr
beam"oriime" islessthen adud proosdretime. Al respondanis said they hed nat expaienced any effedts
from smokeexposureduring or &ter lasar procedures hovever & thisfadlity dl the respondentshed smoke
evaoudorsavalablefor ue

VII. CONCLUSONS

A. Bdimnay evdudions(Feoruay 9 and March 10, 1989)

1
2

No PNAsweredaected.

Based onthe FTIR (qudlitaive argenic) andyss themgiar componant of thesamplesisacompound
or compoundsrdaed tofaty edd edars

Traceamountsof hydrocarbonswere detected.

Thequditaive ddehnyde srean reved ed detedteblelevd s of famadenyderanging from 0210 08
pom

Draga* tubestreaning revedled hydrogen cyanide concantraions of gpproximetdy 100 pgom
produced & theste of imediation.

B. Medcd Cater and Animd evaustions(Aprnil 11-14, 1988)

1

Deedablequantitiesof formeddhydewerefound indl the ssmplestekeninthe gparating rooms leser
dinic andlesr animd laborataries Two of thedhart tam (lessthen fifteen minutes) ssnples
containad peek conoatraions of fammeldehydethet might causeimitationin somesangtiveindividlels

sampling reveded ehand, isoprapend (quentifisdlelevds), and C;-C,, dipretic
(tracelevds). Thesesubdanceswould nat be expected to cause naticssble effedtsin
mod peopled thelevdsdetedted.

Cyanidewasdaedted inthree of thedeven samplestaken. All werebdow theevdugtion ariteiaand
would nat be expedted to produce adverse effedtsin modt people

Deetabelevdsdf athracenewarepresant intrace quantities
Theresitsof theevdudion (areasamples) for arbome mutagarsindicate thet thelesars used during

theseevdudionsganarae mutiaganic arbomeparides. Thesemutapanic resitswareconggant with
thoseinapreviousNIOSH repart [19] and thestudy by Tomitaet d. [20]



VIII.

Itisnat knownwhether exposre of oparating room parsonnd to eganistinet aemuiagenicto
bectaria or thelevd and condition of these agentstowhichworkersare exposed, posssay
gaoaxichezads Inthemeantime it would be prudant to reduce mutagenically adive contaminanis
by gppropricte contral meesLres (1.e: usedf smokeevaoudion sytems) whenever posshleinthe
opaaing room

C. Afta daaningtheevironmand daa NIOSH soentigsundatook alimted dudy of anoke
evaougtarsand pubdished thefindingsin apea-review joumd. A aopy of thisattidegopearsin
Appaix Il. Theinformetion contaned inthisatideshould beintsyrated into the overdll Hety
programat the Univasty of Uteh, aswell asat dl hedth carefadlliiesusing lesas

D. Itwasadosaved duing thisinvedigation thet theamount of Smoke produoad frominradiated tissue, and
nat necessanly itscomponants wesafundion of theleser imradianceonthet tissue Thehigher the
iradiancg themoresmoke, by vaume, gopeared. Thisdosavationindicatestidt lower imadiance
levelsmay reducelase snokeamissons Whilethistechniquemey reduice expoaures it could be
dfficut toacoonmplish congdaing time, mondary conddarations and quity of hedlth care

E Maotd thecompansvaced a thetes fedlity fooused ontheissuesof smdl, odors and vidon
Many of these complaints cooured when CO, and Argon lasarswere usad to imadiate extemd body
pats Thesmoke produosd during these procedureswias goperently grester then with other leser
proceclres presantly baing usad a themedicd oanter.

RECOMMENDATIONS

1 Vatilgion contrds(amokeevaougion units) shoud beutlized tominmizethe patertid for hedth effeds The
gnokeevaogtion unitswill dso diminetetheemissansthet canimpalr thesurgaonisvison

2. Treedad oudsd thesmokeevaougion unitsshoud bevented autsdethe building to prevert
redrauaion of any substancesthet mey pendratethe dneracdl catridges THiswoud dsoadinfurther
redudng the odors assodated with thelesar smoke

3. Pawod praativeeguipmant (govesand face shidds) should bewomwhen parfaming maintienence
(replading dhercod cartridges; elc) on the smoke evaoudtion unitsto avaid contact with Sbdancesthet have
acoumuasadingdetheunits

4.  Paord praediveeuipmant and adeute ventilaionisparticualy impartant when using expaimentd lasars
sncesmokeand patidesimay beproduced & greeter ddancesfrom theinteradion stethen with thelasars
auratly inuse

5. Futhea dudy toexaminethe advantages and dissdvantages dffered by ulilizing lover imradiancelevedsto
reducelasr snokeanissonsiswaranted.
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TARE T

NA Sampling Results in ng/s® (Pork Choo Data)
University of utah Medical Center
Salt Laxe Citv. Ltah
HETA 88-101

February 9, 1988

Samole Tyoe Tvoe Laser Samoling period PNAs
“ang Yeic €0-.30 watt.OM 7 mn, D
115" $roa meat} Wy cro-Clade. =300 en

Yean ciameter = 1
4ang Held 0020 watt. s 3 mn. ND
(2" from seat) 125 sm hancoiece

Jeas diameter = 0.5em
Hand Held 005,400 Hz.£=50 s & min, ND

(2° from seat) avo. power = ;0 wat:
peak power = 220 watt
oulse guration = 120 us
beamn d1ameter = 0.4 oo

PMAS = Acenaphthene, Anthracene, Phenanthrene, Tluoranthene, Pvrens, Benz(alanthracene, Chrvsene, Benzo(b)fluoranthene,
Benzotx)fluoranthene. Benzotelovrena, Benzolalpyrens, Indenotl,2,3-cdipvrene, Dibenz(a.h)anthracene,
Benzo(gh: ) pervlene.
ND = none Detectec.

i = Continuouys Wave


adz1

adz1

adz1


TRALE 12

Zefluor Filter Sasole/Fourier Transfors infrared Soectroscooy Analvsis (Pork Choo Data)
Umversity of Utah Medical Center
Salt Lake City, Utah

HETA B8-101
February 9, 1988
Sasgle Tvpe Type Laser Samnling period Substance Identified
“and Heic C07.30 wart.CW 7 ma. Coapouna or compounds related
(15" from meat) Micro-Slate.f=300 e to fattv acic esters
beaa glaseter = laa
Hand Helc C0,,400 2,50 ma b min.

{2° from seat) avg. power = 10 watt

oeak oower = 2Z20matt
gulse duration = 120us
hean diameter = 0.5 &b

C¥ = Continugus Wave


adz1

adz1

adz1

adz1

adz1


TABLE Il

Yyorocarnon Saspling Results (Pork Chaop Data)
University of Utah Medical Center
Salt Lake C:ty, Utan
HETA B8~101

Februarv 9, 1988

Samole Twvoe

Tyoe Laser Sasoling cerioc Substance Igentified
H4and Held <0y 30 watt.Cw 7 ain. Acetones
115" 4ros meat) ®1cro-Slage,$=300 an isporooanoll
zean craseter = lms Cvilohexaneld
Toluenes
Alkanest

T = Cu-ctances were Jrpcont @~ tTaCe CuoantiTies, tetween the limit of cetection

1175 uo/samdle) ang limt of cuantitation ‘5-I10 vp/samoiel,


adz1

adz1


TABLE 1V

Qualitative Aldehvoe Scan Pork Thoo Data)
thiversity of Utah Medical Lenter
Salt Lake Citv, Utan
“ETA 88-101

Februarv 9. 1988

Tvoe Laser Sasoling perioc

Aldenvoes ldent:fiedt

“ane Hele
1:5® Lrna aeat)

uand Held
12 érom epat!

Uang Helo
(2® {rom meat)

£0,,30 wate,lu

7 min.
wicro-5lace. 4=T00 am
Jeal Clasete” T am
CC2.30 wate.la € mn.
125 m nancoiece
peas ciameter = 0,5mp
C0-.400 42, #=50 ma 6 min,

avo. sower = 10 watt
peav power = 270 watt
sulse furation = 120 us
Seam Craeeter = 0.4 s

“oraa;cdenvde {0.4 nom)

“orsa.cenvee {0.B paa

“orsaldevwoe (0.4 pon)

I = Alcenvee szan 1S lmited tO the low moiecu.a” weiont (D-~Lg) aliohatic aloenvees.


adz1

adz1

adz1

adz1

adz1


TABLE V

%A Samoiing Results in nqln3 (pre Choo Data)
University of iitan Medicai Center
Salt Lake Citv. Stan
HETA B8-101

warcn 10, 1988

Samoie Tyne Tvoe Laser Samoiing gerios A
sang Helg Ne: YAE.2B-74 watt 7 mn. ND

(2" from meat) nean ciaeeter = [T

=3ng walg - S mn. D

TEROLKE SvACUIATDT OYhaust!

sand Hele £0y.30 watz.li S mn. ND

12° érom peat)

hanceiece £l = 125 eam
hpam Ciameter = 1 wm

Srpngonithene. dithracere. Tvenanthrene, Slucranthene. Pvrene, Benzialanthracene, CYrvsene, Benzothlfluoranthene.

Benzotifivorantnene. Senzotelovrene. Eenzotalovrene, Indenpli.Z.l-cdlovrene. Dibenzia.h)anthracene,
Zenzoton: Yrervimne.

£
n

D = vone Datoctor


adz1

adz1

adz1

adz1


TARE VI

“ygrocarbon Samoling Sesults (feri Theo Data)
UYniversity of an Megical Center
€alt lake C:ity, Uian
META 88101

March 10, 1988

Samale Tvae Tvae _azer Sampling cerice Substance Ident:fied

=ang veid Nd: YAG, 38-74 watt S mn. Etan0it

12" érem meat! 2ean crameter = 1.5 ‘soorooanol®
Cvc.onexanes
Toluene:

Alkanes (C9-C12)t
"Bt
Siioxaned

X = SuhStancas were DTESENt 1N trace cuartitips. hetween the limt of cetection
(1-5 ug/samale! and limt of cuantitation (5-!Q ug/samole).


adz1

adz1

adz1

adz1


TRBLE VII

Sualitative Alcenvoe Scan (Pork Chea Data)l
Jniversitv of Utah Pedical Center
Salt Llake City, Ltah

HETA BE-101

*arch 10, 1988

Samoling Jeri00

- Rldehvdes Ident:fieds

=and Held Nd: YAG.JB-74 wat*
2% droe eeat} Yeanm Claseter = 1.5 #a

“ane Halcz .
LEMOKE BVRLUITOT @:M3ust!

“ang *els C0n.30 wate G
2F from sear) hangmeca,fl = 125 am
Jeam ¢ramete” = . oM

S sin.

5 min.

3 mn.

forsalcehvde (0.5 ope)

“ermaldenvee (0.2 ooe)

.

1 = 3;dehvee SCan 15 LiMLESC tO the 0w MO.eCL. a7 weighl

<D = vone Detectec,

*2.=Zp) alionatic aicevvees.


adz1

adz1

adz1

adz1


TABLE VIII

Hvirogen Cvanice Samoies/Drager Tube (Porx Choo Data)
University of Utah Medical Center
Salt take Citv, ttan
T4 68-101

March 10, 19

Saspie Tvoe Type Laser Mumber of Strokes

Hvdrogen Cyvanmide

Hand Held

Nd: YAG.IB8-74 watt
(2* froa meat)

beaa diameter = 1.5 ma

Hang reio -
{saQxe evacuator exhaust)

(X

“ang Helg

C05.20 watt.CW
(2" from seat)

hangpiece.fl = 125 ne
Seam Ciaseter = ! ae

[

100 ooa

200 poa

100 goos



adz1

adz1

adz1

adz1

adz1

adz1


TRBLE X

Forsalcenvoe (Patient Data)
Umversity of Utah Megdical Center
Salt Lake City, Utan
HETA 88-101

Sample Sample Tvoe Tvpe Laser Sasoling Forsaldehvre
-ocation " 'Per10d Concentration (oom!
aser tut # 2 Area £0p.4.0 watt.D¥ Tan. 0.013
{Skin Lesipn) Beas aseter = 0,2 ma

. Hang =elc . 3 mn. (Trace!
Jaergting Spon 8 - Nd:YAG. 1530 watt. [y 54 mn, (Trace)
tBrafrsowC Flan) Spas Diaseter = 0.8 s
Zackground Levei Area - 318 min, 0,013
~Aser Uni1t #7
Taerat:ng Foom 8 Hang Hele ~icro-Siace.C0s.5 watt.Di !l mn, (Trace)
tLarvngeal Surgervi
~A58r {1t 47 Hang Melr Argon, 2.3 watt,CN 9 mn. 0.:2
Vuiva (Pre-Lancer) Beas Dameter = 1.5 an

. drea . . (Trace)
Zoeraring Soom #9 Mang “elo 4roon. 2.0 watt.Cu 51 =an. (Trace)
tXasal Proceture)
Svaiuation Citemral (NI0SH) e
(OSHA-PT: ! w0
(OSHA-STE.: 2.0
ACSI==T Vit .0
{ACSIM-GTZ) 2.0
{ASHRAE) 0.2
(WHD: 0.05

Trace = Substance was oresent 1n trace cuantities. letween the limit of detection
(0.2 uossasole) and Limt of ouantitation (0.63 uo/samole). This would —

corresaond to an atsosoheric concentration range of 0.007—0.023 o agseng
an air samole volume of 22.5 liters,

iFL = {owest Feasible Level. NIDEH regares formalcenvoe as a ootential carcinogen.
NIDSH recoamends that worknlace exposure be reduced to the lowest feasible limit,

¥ = Included in ACEIH *Notice OF Intensed Changes® for 1989-90, currently recossending
cerling LV value of 0.3 aoa.



adz1

adz1

adz1


TABLE X

Corsaldehwde (Mice Tumor Data)
University of Utah “edical Center
Salt Lake Citv, Utah
HETA 88-101

fory] 1i-14, !

Sanple Saaple Type Type Laser Sampling Foraaldehvde
Location : Per1od Concentration (ppa)

—aser Laboratory/ Hand Held co, 3 mn 0.44
®ice Tumors
. - N¢:YAG.S) watt,C,0oen Beam 4 min {Trace)
Sxperimental Lasers/ Area Ng: YAG.waveiength = 532 na,10 Hz,78 ml/ouise Jan {Trace)
*ice Tusors Pylse Duration = i0 ns.Beas Diameter = 2.2 m
" * Ne:YAS. Waveiength = 755 na,10 Hz.65 sJ/ouise 100 sec {Trace)
Dylse Duration = 9 ns.Bean Dianeter = 1.0 ma
" " Ng: YAG . Wavelength = 266 ne,10 Hz,60 ad/oulse 220 sec (Trace)
Sylge Muration = B ns.Bean Draseter = 0.5 om
“ * Erniua,.Waveiength = 2.9 un,B 42,30 aJ/oulse 4 mn (Trace}
Pylse Duration = 250 us.Beas Diameter = 2 om0
Evaluation Crateria: (NTOSH) LFL
(OSHA-PEL) 1.0
(OSHA-STEL) 2.0
(ACBIH-TLVIE 1.0
{ACBIH-STEL) 2.0
{ASHRAE ) 0.1
(D) 0.0%

(Trace) = Substance was oresent 1n trace cuantities, between the l2sit of cetection
0.2 uo/sasole) and limt of cuantitation (0.63 ug/sasole). This would
correscond t0 an atsosgheric concentration range of 0.08-0.24 oos assuming
an air samole voluse of 2 liters.

LA = Lowest Feasible Level. NIOSH recards forsaldehvee as a potential carcinpoen.
NIOSH recossencs that workplace exposure be recuced to the lowest feasible limt.

3 = [ncluoee 1n ACEIH "Notice Df Intenced Chanoes” for 1989-90, current!y recosaend:ing
cerling TLV value of 0.3 ppa.
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TRBLE X

Hydrocarbons
ymversity of Utah Medical Center
Salt taxe C:tv, Utan
HETA 88-101

for1l 11-14, 1988

Sampie

Yvdrocarbon Concentration (oom)
Sasole Tvne Type Laser Sampling Total Othert
-ncation Per1od Ethanol Isoorpoanal  Hvdrocartons
~aser Unit §2 frea 007.4.0 matt.C¥ 427 min. b1} 0.5 {Trace)
1Sk Lesion) Beas Diameter = 0.2 s
. “and-Held . 7 a1n. !} 8.4 {Trace)
Ioerating Aoom #8 . N¢: YAG. 15-30 watt,CW 54 ain. 4,713 ND ND
iBraft/™C Flan) Beas Diameter = (.8 aa
Zvaluat:ien Criteria: {NIOSH) - 400 -
(0sHA) 1000 400 -
{ACGIH) 1000 400 -

¥ = aliphatics in the Cg-Lyo range. Decane usec for stanaarg.

-0 = xone Detected.

{Trace) = Substances were present in trace cuanti’ies, hetween the limit of cetection (10 va/sasolel and 1imit of cuantitation
, {30 vo/samolel.

This would corresoond to an ateosoheric concentration range of 0.02-0.04 pom assusing an air sasole
voluse of B3.6 liters.

81 = Breakthroucn (The amount of analvte fousd on the sasole back sorbent section excessed 107 of what was found on the
front section},
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TARLE XII

Cvanige
University of Utah Medical Center
Salt Laxe Citv, Utah
HETA BE-101

Agr:! 1i-14, 1988

Sampje Sample Tyne Tyne Laser Sasoling Cvanmide
~ocation Period -Concentration (ma/ad)
-aser unit & 2 Area €3.5.0 watt CW £77 an. ND
{Skin Les:on) Bean Drameter = (.2 sa
- Hang Keld . 27 mn. 0.4
Joerating fpos #8 " NO:YAG, 2510 watt.lu =4 mn. D
{Braft/o=C Flao) Seae Diaseter = (.8 sa
Backoround Leve! frea - 3i8 mn. ND
Laser Umt &3
Operating Rooa #8 Hang Held Micro-5lave.C0>, 5 watt,C il min, N0
{*arvngeai Surcerv)
Svaiuvation Criteria: INIOSH) 3.0
(0SHA) 5.0
ACBTH) 10.0

NI = None Detectes
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TRBLE L1iI

Lvanice (Mice Tumor Data)
Universitv of Utah medical Center
Salt fake C:tv, Utan
“ETA 88-101

for1i 1:-14, 1988

Samoie Sample Tvpe Tyoe Laser Sasoling - "Cvamoe
iocation Period Concentration (mo/ed)
~aser Labaratorv/ Hand Held Co 3 an 1.5
Mice Tusors '

. . Nd: YAG.50 watt.CW.Doen Beas 4 ain 1,05
Cxoeripental Lasers/ frea 4d: YAG.Wavelength = 532 ne.10 2,78 al/oulse Smn ND
ce Tusors Pulse Duration = 10 ns, Beas Diameter = 2.5 sm

" - Nz YAG.Navelength = 353 ne, 10 Hz.65 ml/oulse 103 sec ND

Pulse Duration = 9 ns.Beam Diameter = 1.5 ma
- . Nd:YAG.Waveiengtn = 265 na.10 2,40 ad/oulse 220 sec ND
Sulse Duration = 8 ns.Beas Diameter = (.5 m
‘ " Srétus.Navelencth = 2,9 ue.8 #2.30 al/pulse £ min L1
Sulse Duration = 250 us,Beas Diameter = 2 mm
Evaluation Criteria: (NTOSH) 5.0
: (BSHA} 5.0
{ACBIH) 10.0

XD = xone DNetectec

a] = ™ 1livoule
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Tegll RV

PN Camniing Resuits :n nglr-*
University of tan Mecica! Center
Salt Lake Citv, Utan
HETA B88-10:

for:l :i-i4, 2988

Sampie _ Sample Tvoe Tvoe Laser Sasoling Other
=DCation Period fnthracene  PMNAs
—aser tmat ¢ 2 frea C02.4.0 watt.Cv - 427 mn. {Trace) . 1]
{Scin Lesion) Beaa Dianeter = 0,2 mn

* Hang Heic . <7 an. X0 ND
Doerazing Fioom #8 . Nd: YAE. I15-30 watt.Cw H an, 0 L 11}
i8raft/PC Fian) Bean Diaseter = 0.8 ma
Background Level Area - 318 min, (race) i)
Laser Umt #3
{oerating Roca #8 Hand Held Micro-5iade,C05,5 watt,Cd 11 mn. ND N

(Larwnoeal Surgerv)
aser umit #3 Hand Held frooa,2.5 watt,CW 9 min. ND ND
Vulva (Pre-Cancer) Beas D1aseter = 5.5 m

- Area ' i 0 0
Ooerating Rooe #8 Hang keld Argon. 4,0 watt.C¥ 5! min, L] ND
(Nasal Procegure)

Evaluation Criteria: {NIOSH) -
- {OSHA} - ]
{ACSIH -

Jther PAs = Acenachthene, Phenanthrene, Fluoranthene, Pyvrene, Benz (a)anthracene, Cwvsens, Benzolb)fluoranthene,

Benzu(klﬂu:nnthm. Benzotelnvrene. Benzuulnvrene. indeno(1,2,3-coiovrene, Dxbenz(a.hnnthrm
Benzo(ghi Jperviene.

ND = None Detectes.

Trace = Substance was oresent 1n trace cuantities, Detween the limit of cetection (30 nglsmle} and limit of ouantitation

{100 ng/samole). This would corresoond to an atmospheric concentration range of J5-117 nc_xu"' assuming an ar
samole voluse of B34 liters.

= Chrysene and Benzo(a)oyrene are the only individual PNAs with evaluation criteria (m evaluation criteria section
in the report for more detaill.
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TABLE XV

PNA Sampling Results 1n no/aS (Mce Tusor Data)
University of Utah Medical Center
Salt Lake Citv, Utan
HETA B8-101

for1l 1:-14. 1988

Sasole : Sample Type Tvoe Laser ~Samoling - Other
~pcation -‘P_!rmd Anthracene PaAs
~aser Lavoratorv/ Hand Held co» S mn N LY
“ice Tumors

- “ Nd: ¥A5,50 watt.Cd,0pen Reaa 4 mn (Trace) ND
Sxperyeental iasers/ drea %g: YAS. Maveiength = ST na, 10 #2,78 al/oulse S mn \D ND
mce Tumors Pulge Duration = 10 ns.Beas Diaseter = 2.5 ma

- " N¢: YAG.Kaveiength = J5T na, 10 Hz,AS sd/puise 105 sec D ND

Pulse Duration = 9 ns.Beas Diaseter = 1.5 an
- . Nd: YAS.Wavelenoth = 266 na,10 Yz,50 al/oulse 220 sec ND ND
Sulge [uration = 8 ns.Beaa Diameter = 0.5 ma
- - Erdium.mavelencth = 2.9 ua,B ¥2,30 m/oulse 4 mn N ND
Sulse Duration = 250 us.Bean Diameter = 2 nm
Zvaluation Criter:a: (N10SH) - 4
(054A) - H
(ACBIH)

Dther “"JAs = Acenaphthene, Phenanthrene. Fiupranthene, Pyrene, Benz({alanthracene, .Chrvsene, Benzo(b)fluoranthene,

Benzo (k) flvoranthene, Benzote)ovrene, Eenzola)pyrene, Indeno(l.2,J-cd)ovrene, Dibenz(a.h)ianthracene,
Benzo(ghi Joerviene.

Trace = Substance was Oresent in trace suantities, between the limit of detection (30 ng/sascle) and liait of ouantitation

(100 no/sasclel. This wouid corresoond to an atmosoheric concentration range of 4-12 ngll: assuaing an air
saanie volume of 8 liters, '

§ = (hrvsene and Benzo(aigyrene are the oniv ingividual PNds with evaluation crxteru'(see'ein‘lluatiu; criteria section
in the reoort for sore detal).

ND = None Detected.
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TABLE XVI

PNA Samoiing Resuits in ngll3 {Filter Testing)
Universizy of Utah Medical Center
Salt Laxe City, Utan
HETA 868-101

for1l 11-14, 1

Configuration Tyoe Laser Saspling period s
\o Charcoal Nd:YAG, 30 watt,CW 10 min, ND
Sharcoal . . "
Sep-Charcoal C0p.3 watt.lé 20 min. b 11
pst=Charceal Ne:YA5, 5 watt.Cd “ \D

™Ac = Acenacnthene, Anthracene, Shenanthrene. Sluorantnene, Pyrene. Benzia)anthracene, Chryvsene, Benzo(b)iiuoranthene,

Benzo (k) fluoranthene, Benzotelovrene, Benzolaloyrene, Indeno(:.2.3-ca)ovrene, Dibenzta,hlanthracene,
Benzo(ghi)perviene,

ND = None Detected.
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TARLT XVII

Mutacenic:ity of Airborne Farticles anc Vapors
Collectee from Laser Suroery
tniversity of Utah Medical Center
Salt Lake Citv, Utan
HETA 8B-101

Aor:l 11-14, 1988
H15t1dzne;—;evertants/nlate
Samples Particles Q1r vol. TA98 TAl00
ug/piate m-/plate -59 +S9 -59 +59
L
Giasgs _Fiber_Ffjilters <rom: T
Qperating 6.7 a1 10 11
Room (OR) 1Z3.4 Q.63 < 12 SO &1
NIQSH samoler 26.7 1.25 8 2 &7 &3
OFr 2.2 Q.22 A 15
Smok e 58. 4 0,45 i3 i6 S22 S7
Eutractor I8 116.7 0.91 14 2: oo &=
taser Climic €. .14 2 127
Smoi: e 119.0 0.27 2s 145% &6 2
Extractor II& 2IB.0 0.54 S4% 143X 72 =
Hal> (controi?’ &0.0 0.6 11 iB =1 S5
12000 i.2 @ 20 &2 76
Charcgal Trap from:
ax 0.14 ) s
Smok e 0.27 23 T0¥ 15T 105%¥
Cntractor 11310 0.54 27 zo¥ 162¥ 214%
OR Smoke 0.23 17 17
Extractor I& 0.4%5 24 20 79 54
Laser Clinic 0.14 15 ié6
Smoke Extractor 1i8 0.27 - 24 19 B& a8
0.54 .13 13 1:9% 156%
‘Charcoal 0.23 7 7 .
Control 0.4% .10 B S6 S7
0.91 e 10 &4 =1
Controls:
Negative 14 13 S1 a9
PositiveC g10¥ 1394%

Glass fiber filter placeE 1n front
of charcoal trap for particle
collection inside the extractor.

C 2.5 ug/plate 2~aminoanthracine
Positive response
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TABLE XVIII

Mutagenicityv of Airborne FParticles Collected
From Experimental Laser Surcery Using NIOSH Samoler

Universitv of Utah Medical Center
Salt Lake City. Utan
HETA 88-101

April 11-1&4, 19688

Samples Particles Air Vol. -_-—iééé -------- iéiéﬁ:—_“-
ug/ bplate m>/plate -89 +59 -89 - +59
1 3 1 + 1+ -1+t 1 ¢ 3+t + -+ —+—++ 1 +-++ 3 + 1+t t+-+ % - -_— -— == _— 1+ + + + 3 3

Laser (Laboratorv/Mice Tumors:

- e e i i e e o e e e T . W S S S — S ————

CO~ 126.7 0.04 13 2a¥
Laser 25=3.4 0,08 11 ;7K sS4 &8
506.7 0.:16 14 a5¥ &0 71
YAG 192, 5 0.024 15 77X
_aser =85 0.047 14 54% 6 &7
770 0.094 18 o4% g4 81
Contraol 258.2 : 0,09 11 15 S22 =1-
(Hall) 516.7 0.18 10 20 57 77
Exp. Fined Heam Laser Lab.:
Yas s i 0.024 10 12
*aser 667 0,047 11 15 49 52
133,37 0.0%94 1z el 1 s8
UV S2.5 0,024 16 <9
aser 65.0 0.087 13 26 b= =18
(TS5 Aam) 130.0 0.094 p 24 == 67
UV (266 nm) 3IB.3 0.025 14 21
and Erbium 76.7 0,049 15 =g* 63 &2
Laser 1S3.3 0.099 15 oK &0 &5
Controls:
Negative 14 13 51 49
Positived 810% 1394%

4 2.5 ug/plate Z-aminoanthracine
¥ pPositive resconse
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TABLE XIX

Mutagenic Activitv of Air and Farticulates During

Laser Surgerv lUsing in

in_Situ Assav Svstem,

Univer=sitv of Utah Medical Center

Salt Lake Citv,
HETA 88-101

iftah

Aoril 11-~14, 1988

e T o S e S M T — . —— —— . " — . T — — ——

Eost

_________ Seversion Frecuency/10Z Survaiversd ___
Treatment -——Suggervy__  ___ Animal Fac:l:ty
Time =S __ #5859 ____ ——z89_____ T “89_____
(ne ce  CrR  OF CC Cr OR CC CR OR CC CR OR
2+ 3 33 3 4+ + 3 3+ + 3 3+ F 3+ 4+ 4+ F 7 >+ F 3+ 3 33 1+ 31+ 53 3+t 4+ 3 3 333 ¥ 55351 F -4+ 1
2 4.7 S.5 3.4 7.6 4.6 11,3 2.1 4.8 I.9 B.Z 5.4 3Z.a
4 4.4 5.3 S.1 B.: 8.7 7.2 3.6 2.1 6.9 7.0 12.0 4.1
6 2.2 4.9 4.0 10.5 8.7 13.0 4.0 3.8 4.6 8.0 10.4 9.7

& TA9B onlwv

CC Recairculating closec svstem (control)
CR Ambient air from control room

OR Ambient air from operating room


adz1

adz1

adz1

adz1

adz1

adz1


TABLE XX

Selected Results from Questionaire
University of Utah Medical Center

Salt Lake City, Utah
HETA 8B-101

Aoril 11-:4, 1988

Ruestion No. Range Average
Responses of of
Responses Responses
Ewmma s T T T T T T T T e T T T T T T T T T E T T e T R R R T s EEE T T EEEs
_aser procedures 8 S0=-500 191
aer month
Hours ner week 10 i-3 e
expeosed to smoke
Mpet used Laser:
~d: YAG 8 - =
L 8 - e
Araon ’ 8 - 4
Whicn Laser creates
mpst smoke:
Nd: YAG 10 - 1
CO»> 10 - g
Araon 10 - I~
All S - =
which ooeration
creates most smoke:
warts removal e - 5
sk1n area Q - &
broncoscooyv 4 - =
—-east desirahble
Droperty of smokes
’ reduces vision 11 - 2
smell 11 - 7
health 1ssues i1 - 4
Encountered any nealth
oroblems during
last vears
yes i - le]
no 11 - 11

Note: Some 1ndividuals gave more than two answers for some guestions
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APPENDIX I

LASER SURGERY QUESTIONAIRE
INTERVIEW I.D.: _ DATE:

NUMBER YEARS LASER SURGEON/NURSE SEX:

NUMBER SURGICAL PROCEDURES INVOLVED WITH ANNUALLY:

NUMBER HOURS/WEEK EXPOSED TO LASER SMOKE:

\
WHICH LASERS ARE YOU INVOLVED WITH MOST:

1EAST:
OTHER:

WHAT OPERATIONS ARE YOU MOST INVOLVED WITH:

WHICH OF THE OPERATIONS PRODUCE THE MOST LASER SMOKE:

WHAT IS THE LEAST DESIRABLE CHARACTERISTIC OF LASER SMOKE:

HOW DO YOU MINIMIZE SMOKE PRODUCED FROM OPERATIONS:

WHEN DO YOU USE A SMOKE EVACUATOR?:

HAVE YOU EVER HAD ANY OF THE FOLLOWING PROBLEMS DURING OR

IMMEDIATELY AFTER PERFORMING OR BEING INVOLVED WITH LASER
PROCEDURES :

CHANGE IN SENSE OF SMELL:____ SKIN RASHES:
BLURRED VISION: LUNG PROBLEMS:
WATERY EYES: ALLERGIES:
SORE THROAT: - COUGHING:
HEADACHES : FACIAL/NASOPHARYNGEAL
DIZZINESS: WARTS :

OTHER SYMPTOMS:

HOW MANY DAYS SICK LEAVE DID YOU TAKE LAST YEAR:

DO YOU WEAR CONTACT LENSES:

WHAT TYPE OF FACE PROTECTION DO YOU USE GENERALLY:
WHAT ABOUT IN SPECIAL SITUATIONS: i

ANY OTHER COMMENTS:
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APPENDIX 11

Lasers in Surgery and Medicine 9:276-281 (1889)

Evaluatibn of a Smoke Evacuator Used
for Laser Surgery

Jerome P. Smith, #nD, C. Eugene Moss, us, Charles J. Bryant, us, and
Alan K. Flooger, uSPH

Bvisions of Physical Sciences and Engineering (.l.P.S.} and Surveitiance Hazard
rEvaiuations and Feid Studies (C.E.M., C.J.B., and A.K.F.), National instituts for

Occupational Safely and Health, Cincinnati

A preliminary study was conducted to determine the effective-
ness of a smoke evacuation system used in laser surgery. A 30 W
medical CO; continuous wave (CW) laser was used to make cuts
in a pork chop to simulate smoke production during laser sur-

gery. A commercially available smoke evacuation system was
used to control the smoke from the simulated surgery. The smoke
concentration was measured at 6 in and at 3 and 4 ft from site of
laser interaction. The nozzle of the smoke evacuator was located
at distances of 2, 6, and 12 in from the surgical site to measure the
relative effectiveness of the control. Complete control of smoke
was achieved when the nozzle was located at 2 in, but significant
amounts of smoke escaped when the nozzle was located at 6 and
12 in. Suggestions for the use of the smoke evacuahon system and

areas for further study are given.

Key words: emission, control, ventilatior:, fume

INTRODUCTION

Laser surgical procedures allow more precise
control of surgical parameters and can reduce pa-
tient recovery times. Unfortunately, one of the
disadvantages in using lasers for surgical proce-
dures is the production of smoke and fume. Proper
control of smoke/fume emissions from laser sur-
gery procedures is needed because of occupational
health issues of hospital personnel, comfort of pa-
tient, restrictions of the surgeon's field of view,

-and the smell of the emissions {1}. One more re-
cent health issue concerns the possible presence of
HIV and hepatitis B virus in the smoke from sur-
gery. Intact DNA from human papiloma virus
(HPV) has, in fact, been observed in the smoke
from laser surgery [2]. There are several smoke
evacuation systems commercially available that
attempt to capture emissions from these proce-
dures. The systems are self-contained suction
sources that draw fumes produced from the sur-
gical process into an air cleaning unit. Typically,
a hose fitted with a nozzle is attached to the suc-
tion source and the nozzle is located as close as
poasible to the site where the surgery is per-
formed on the patient. One of many questions to

© 1988 Alan R. Liss, Inc.

be answered in controlling the emissions from
these procedures, is, in fact, how close the nozzle
should be located to this site. In this article, the

results of a preliminary study to answer this
question are reported.

MATERIALS AND METHODS

Experiments were performed to estimate the
relative degree of emission control with a suction
nozzle located at various distances from the laser
interaction site. The experiments were performed
in a closed room about 10 ft wide and 20 ft long.
The room had general ventilation from the heat-
ing and cooling system, but no specizl ventilation
other than the smoke evacuator. A 30 W contin-

Accepted for publication December 30, 1988,

Addreas reprint requests to Dr. Jerome P. Smith, NIOSH,
DPSE, MCRE, CRS, 4676 Columbia Parkway (R-8}, Cincin-
nati, OH 45226.

Mention of company name or product does not constitute en-

dorsement by the National Institute for Occupational Safety
and Health.


adz1


Smoke Evacuator for Laser Surgery
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Fig. 1. Smoke concentrations in laser room without amoke evacuation system in operation.
Laser in operation for entire period of measurement.

uous wave {CW) CQO; medical laser system was
used that had an articulated arm beam delivery
system with a 125 mm focal length lens. The laser
spot size ranged from 0.5 to 1.0 mm. The work-
piece used to simulate a patient was a pork chop
about 6 in long, 4 in wide, and 0.5 in thick. The
pork chop was cut by the laser in a manner sim-
ilar to a surgical event. Since laser surgical pro-
cedures can vary widely in the laser-patient con-
figuration and the quantity of smoke produced,
the simulation used does not represent any par-
ticular operating procedure. The smoke evacua-
tion system used to contain the fumes was a Lase
System II (Lase Inc., Cincinnati, OH) smoke evac-
uation system. This unit has a nominal flow rate
of 50 cfm and has HEPA and odor elimination

ture for 0.3 pum particies. The fumes were drawn
into the Lase System II through a 1.25 in OD hose
with a manufacturer provided oblong shaped noz-
zle on one end. The nozzle at the end of the hose
was mounted at distances of 2, 6, and 12 in from

the laser interaction site in order to estimate the
effect of distance on control of the fumes.

Three direct reading dust monitors were
used to estimate the fume concentrations at var-
ious distances from the laser interaction site. A
Hand-held Aerosol Monitor (ppm, Inc., Knoxville,
TM(HAM)wasmountedGmabovethehmm-
teraction site to monitor the area where the sur-
geon and other personnel directly performing the

_surgery would be located. Air was drawn into the

HAM at 1 liter per minute (LPM) with a portable
sampling pump.
Two Real-time Aerosol Monitors (MIE, Inc.,

. Bedford, MA) (RAM-1) were used to estimate

fume concentrations at 8 and 4 & from the laser

_interaction site and were located about 5 ft from
filters. The HEPA filters are rated at 99.97% cap-

‘the floor of the room. These were used to monitor
areas where other personnel might be present in
the operating room and were used to estimate
background concentrations in various parts of the
room. Data from the dust monitors were recorded
using a strip chart recorder. The values for the
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Fig. 2. Smoke concentranions in laser room with nozzle of sinoke evacuation system posi-
tioned 2 in from laser worksite. Laser on for entire period of measurement but smoke

evacuation system was turned off and on.

background concentration in Figures 1-3 are the
average of the values given by the two RAM-1's.

It should be pointed out that both the HAM
and RAM-1 respond preferentially to particles in
the respirable size range (particles less than 3
um) [3]. Their response also changes with the par-
ticle aize of the aerosol being monitored. However,
the particle size of the smoke should be constant
so that relative changes in concentration can be
monitored. Since the monitors were not calibrated
for the smoke produced in the experiment, the
plots produced are on a relative scale to show the
level of control rather than absolute gravimetric
concentrations.

RESULTS

Figures 1-3 show the effect of placing the
smoke evacuation system nozzie at various dis-
tances from the laser interaction site.

Figure 1 shows the fume concentrations
measured at 6 in from the laser interaction site as
determined by the HAM and the room back-
ground concentration as determined by the two
RAM’s when the smoke evacuation system was
not in operation. Concentrations near the inter-

_action site could easily exceed 20 (the full-scale
‘range for the monitors) for extended periods of
‘time when the laser was operating. The back-
ground concentration in the room also increased
from 0 to 1.4 during laser operation. The wide
variation in concentration levels observed at 8 in
-during laser operation was due to two factors.
First, as the laser beam came into contact with
- different parts of the target different amounts of
smoke were produced since different parts of the
target produce different smoke levels and beam
interaction was not constant. Second, transport of
the smoke to the HAM is not constant sinee it is
dependent on the air currents in the room, which
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Smoke Evacuator for Laser Surgery
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Fig. 3. Smoke concentrations in laser room with norzle of smoke evacusation system posi-
tioned 6 in from laser worksite. Laser and smoke evacuation system lefl on for entire period

of measurement.

are not constant, and this would result in concen-
tration fluctuations. Figure 1 clearly indicates
that there is a need to use a smoke evacuation
system since high levels of smoke relative to
background levels are produced.

The fume concentrations measured with the
smoke evacuation system nozzle located 2 in from
the laser interaction site is shown in Figure 2.
The smoke evacuation system completely col-
lected the fumes from the laser operation when
the evacuator was operating. The concentration

observed remained at the room background level

both at the interaction site and in other areas of
the room. When the smoke evacuation system
was turned off for a brief period, the concentration
at the interaction site increased rapidly to values
above 10. However, as soon as the smoke evacu-
ation system was turned on, the leveis again de-
creased to those of the room background. Back-

ground levels in the room were not affected by
briefly turning off the smoke evacuation system.

Figure 3 shows the fume concentrations ob-
served with the nozzle located about 6 in from the
laser interaction site. Collection of fumes was not
complete and concentrations as high as 8 were
observed 6 in from the laser interaction site. Con-
centrations of smoke as measured by the HAM

Tluctuated and decreased after 50 seconds due to

variable transport of the smoke to the HAM by air
currents in the room. It should be pointed out that
both the laser and the smoke evacuation device
measurements were made and still smoke collac-
tion was not complete. Background concentrs-
tions in the room did not increase
during operation of the laser.

“The fume concentrations were also messured
with the nozzle located 12 in from the laser inter-
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action site. The results were qualitatively similar
to those shown in Figure 3 except that concentra-
tions higher than 20 were measured at 6 in from
the laser interaction site. Background levels in
the room also increased from about 0.4 to about 1
during the time the laser was in operation.

The results observed can be compared with
those predicted by standard ventilation calcula-
tions. The formula for predicting flow rates
around circular exhaust openings is Q = V (10x2
+A) (4} where Q is the volumetric flowrate, V is
the air velocity at the center-line of the exhaust
opening at a distance x from the opening, and A is
the area of the opening. Although the nozzle is not
completely circular in shape. this formula can
give an approximate air velocity at various dis-
tances from the opening since shape will not af-
fect it greatly. If we use Q = 50 ft*/min (the nom-
inal flow rate of the evacuator), V = 150 ft per
minute (fpm) (a control velocity for conditions
similar to those in an operating room), and A as
the area for a 1.5 in round opening, we obtainx =
2.1 in. It should be noted than this formula is only
an approximation and will not give a precise
value of the velocity at any point. However, it is
useful for giving an approximate idea of where
adequate control can be maintained. These calcu-
lations show that the nozzle must be cioser than
about 2 in from the laser interaction site to obtain
a control velocity of 150 fpm or greater. One hun-
dred fifty feet per minute is a value used for con-
trol velocity under conditions similar to those in
an operating room.

DISCUSSION

The smoke evacuation system studied is ca-
pable of providing what appears to be complete
collection of fumes only if the nozzle is within a
short distance of the laser interaction site. Posi-
tioning of the nozzle of the smoke evacuator at a
~ distance of 2 in from the laser interaction site was
found to be adequate. Other studies have also in-

close to the site of laser interaction {5,6] to obtain
efficient collection. However, the amoke evacua-
‘ tion device should be turned on at the same time
or before the laser and run during the entire time
the laser is in operation. If the smoke evacunation
system were turned off for even a short period,
high concentrations could result. These could be
controlled rapidly if the device were turned on but
exposure could result in the meantime. Perhape,
permitting the smoke evacuation system to oper-

Smith et al

ate for 20-30 seconds after the laser was turned
off is another possible control measure for situa-
tions where continuous operation of lasers is the
rule.

Distances of greater than 2 in are likely to
result in exposure to high concentrations for per-
sonnel working near the laser interaction site and
in addition are likely to result in the
concentration in the room being increased. This
was certainly found to be the case when the nozzle
was at 12 in from the laser interaction site. If the
simulated surgery had been carried on for periods
of time greater than those used in this study, the
background likely would have been increased
with the nozzle held closer than 12 in. This would
expose personnel located at greater distances
from the laser interaction site. Surgical proce-
dures that require the nozzle to be located at dis-
tances greater than 2 in may require other means
of smoke control. It should be noted that using the
smoke evacuation nozzle at distances of 2 in or
less from the interaction site may also require
adoption of resterilization techniques for the noz-
zle of the smoke evacuator since it will be close to
the surgical site. Although the nozzle is sterile
when it is received from the manufacturer, it may
become contaminated as surgery proceeds.

Studies are needed to characterize further
the controls for laser surgery. The chemical and
biological content of the smoke should be deter-
mined to aassess the hazards presented to person-
nel. From these results the efficiencies of air
cleaners used in the evacuation systems can be
determined. It has been determined that filters in
smoke evacuatora must be able to collect particles
efficiently down to 0.1 pum (5]). Complete flow pat-
terns around the nozzle of the smoke evacuation
system need to be plotted, and further studies of
various operating parameters such as laser power
levels, different nozzle designs, and placement of
the nozzle are needed Presence of the surgeon
may increase smoke concentration in hisher

‘“breathing zone, so this is another area that needs
dicated that the nozzle of the evacuator must be

further study. Finally, the present systems are
very noisy, another drawback to their use; there-
fore; other methods of emission control should be -
investigated
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